INTRODUCTION
============

Major depressive disorder (MDD) is a mental disorder characterized with low mood, reduced self-esteem, anhedonia, disturbed sleeping, eating habits, cognitive dysfunction and a high risk of suicide \[[@b1-pi-2019-0189],[@b2-pi-2019-0189]\]. Although serotonergic and noradrenergic mechanisms have long been claimed in the pathophysiology of MDD, monoamine hypothesis is now believed to be insufficient to fully explain the pathogenesis of the disease \[[@b1-pi-2019-0189]-[@b3-pi-2019-0189]\]. In this context, factors such as disturbed synaptic plasticity, reduced neurogenesis and enhanced inflammation have been suggested to participate in MDD induction \[[@b1-pi-2019-0189],[@b4-pi-2019-0189]\]. Chronic inflammatory diseases including rhematoid arthritis and diabetes have a high comorbidity of depression. MDD patients display increased proinflammatory cytokine (IL-1β, IL-6, TNF-α) levels, which are associated with mood status, dysphoria and anxiety. Moreover, IL-1β inhibition ameliorates depressive symptoms induced by chronic stress exposure \[[@b1-pi-2019-0189]\]. Many major antidepressant medications have been shown to reduce proinflammatory cytokine levels and promote anti-inflammatory (e.g., IL-10) cytokine production \[[@b1-pi-2019-0189]\].

Although serotonin and noradrenaline inhibitors are mainly used for treatment of depression \[[@b5-pi-2019-0189]\], only a small fraction of the patients give significant response to antidepressant treatment \[[@b6-pi-2019-0189]\]. Moreover, therapeutic effect can be elicited weeks to months after treatment initiation thus prompting innovation of more efficient treatment methods. Ketamine is a non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist used for anesthesia and pain treatment \[[@b4-pi-2019-0189]\]. Administration of a single sub-psychotomimetic dosage of ketamine induces notable anti-depressant effects, which may last as long as two weeks \[[@b7-pi-2019-0189]\]. Treatment effect may also be observed in treatment resistant depression cases \[[@b4-pi-2019-0189]\]. One of the mechanisms by which ketamine acts as a prompt anti-depressant medication might putatively be inhibition of inflammatory mechanisms.

In MDD, neuroinflammation is primarily mediated by enhanced glial activity \[[@b8-pi-2019-0189],[@b9-pi-2019-0189]\], which may be induced by, among other factors, the purinergic 2×7 receptor (P2X7R)-inflammasome and toll-like receptor 4 (TLR-4)/NF-κB inflammatory signal pathways \[[@b10-pi-2019-0189],[@b11-pi-2019-0189]\]. Activation of NOD-like receptor proteins (NLRP) by P2X7R results in formation of a multi-protein complex with apoptosis-associated speck-like protein containing a CARD (ASC) and pro-caspase-1, termed as the inflammasome, which relieves caspase-1, thereby leading to production of IL-1β and IL-18 \[[@b12-pi-2019-0189]\]. On the other side, TLR activity is also involved in production of pro-inflammatory cytokines (e.g., IL-1β, IL-6) by microglia \[[@b13-pi-2019-0189]\].

In a recent study, we showed for the first time that NLRP1-mediated inflammasome activation is significantly involved in chronic unpredictable mild stress (CUMS) model and inhibition of this complex via blockade of P2X7R ameliorates neuroinflammation and depressive symptoms \[[@b14-pi-2019-0189]\]. In this study, to delineate whether ketamine administration has a similar mechanism of action, we investigated the impact of ketamine administration on the upstream and downstream elements of the NLRP1 inflammasome pathway and behavioral parameters in CUMS model of rats.

METHODS
=======

Animals and housing
-------------------

Adult male Wistar albino rats (8--10 weeks old) were obtained from Kocaeli University Experimental Medical Research and Application Center (DETAB, Kocaeli, Turkey) and were housed in groups of five per cage under standard laboratory conditions (22±2℃ room temperature; 12-hour light/dark cycle and relative humidity of 55--50%). Tap water and food pellets were provided ad libitum throughout the experiment. The Animal Research Ethics Committee of Marmara University granted ethical approval (July 14, 2015; Number 57.2015.mar) and all experiments were conducted in accordance with the regulations of animal research ethics committee. Before the experiments rats were allowed to habituate to the laboratory environment and the experimenters for 2 weeks.

Chronic unpredictable mild stress procedure and experimental design
-------------------------------------------------------------------

Rats were divided into 4 experimental groups at day 0 (n=10 rats in each group) including the control (non-stressed naïve healthy rats), CUMS, CUMS+10 mg/kg i.p. acute ketamine (once at the sixth week of CUMS procedure; day 42) and CUMS+10 mg/kg i.p. chronic ketamine (once a day in the last three weeks of CUMS procedure; days 21--42) groups. Control and CUMS groups received i.p. physiological saline in the same volume of ketamine. CUMS procedure was applied for a total duration of 6 weeks (42 days), as described previously \[[@b15-pi-2019-0189]\]. Briefly, rats were subjected to different types of stressors, as listed: cage tilting for 24 hours, wet bedding for 24 hours, swimming in 4℃ cold water for 5 minutes, swimming in 45℃ hot water for 5 minutes, pairing with another stressed animal for 48 hours, level shaking for 10 minutes, nip tail for 1 minute, and inversion of the light/dark cycle for 24 hours. These stressors were randomly applied for 6 weeks, and each stressor was applied 3 to 4 times during this period. Rats received only one of these stressors per day, and the same stressor was not applied on two consecutive days to prevent animals from predicting the occurrence of stimulation. The stress procedure did not involve any food or water deprivation. The control animals were kept in a separate experiment room and received no stress apart from saline injections and daily care. Body weights of rats were measured before and at the end of the 6-weeks ([Table 1](#t1-pi-2019-0189){ref-type="table"}). The sucrose preference test (SPT) and forced swimming test were applied 12 hours after the final ketamine administration. Rats were sacrificed 12 hours after completion of these tests.

Sucrose Preference Test
-----------------------

Anhedonia-like behaviors were assessed by SPT \[[@b16-pi-2019-0189]\]. In brief, each rat was placed in a test cage identical to home cage and was pre-exposed to the sucrose consumption test for 5 days (15 minutes each day) for the adaptation period. The SPT was carried out on the sixth day of testing. Rats were housed individually and were exposed to two bottles, one containing 100 mL of 20% sucrose and the other containing 100 mL tap water, for a period of 1 hour after 23 hours of food and water deprivation. Water and sucrose intake and preference (%) for sucrose \[sucrose solution intake (g)/total fluid intake (g)×100\] were calculated.

Forced Swimming Test
--------------------

The forced swimming test apparatus was a cylinder (height, 40 cm; inside diameter, 38 cm) containing 30 cm of tap water maintained at 25±1℃. The procedure was designed as previously described \[[@b17-pi-2019-0189]\]. The experimental session consisted of two trials; conditioning and the test. During the conditioning trial, rats were gently placed into the cylinder and left in the water for 15 minutes. After the conditioning trial, rats were dried and placed into a warm cage with paper towels for 10 to 15 minutes before being returned to their home cages. The test trial was carried out 24 hours after the conditioning trial. Rats were placed again into the cylinder and left in the water for a 5-minute test session. After the test session, rats were removed from the cylinder, and dried with a towel before being returned to their home cages. The immobility time, which was defined as the lack of motion of the whole body except for the small movements necessary to keep the animal's head above the water, was recorded. An observer blind to the treatment conditions recorded the time spent immobile in the test session.

Real-time Polymerase Chain Reaction (PCR) analysis
--------------------------------------------------

Frozen prefrontal cortex tissues were homogenized and total RNA was extracted using a commercial RNAzol RT isolation kit (Molecular Research Center, Inc., Cincinnati, OH, USA). RNA concentrations were determined by spectrophotometry. The purification and the concentration of 1 μL RNA samples were assessed by 260/280 and 260/230 ratios. Complementary DNA (cDNA) synthesis from RNA samples were performed with commercial cDNA synthesis kit (Jena Bioscience, Jena, Germany). Two microliters of the cDNA sample was used along with qPCR GreenMaster kit (Jena Bioscience) for real-time reverse transcription PCR. The primers used in the study were obtained from DNA Technology (Moscow, Russia) ([Table 2](#t2-pi-2019-0189){ref-type="table"}). Beta-actin (β-actin) was used as an internal control (housekeeping). The cycle of threshold (CT) of investigated primers was determined and normalized to housekeeping gene, β-actin. Relative quantitation was calculated with 2\^-(ddCT) method and data are presented as relative changes to control group.

Immunohistochemistry
--------------------

Due to the extensive panel of inflammation mediators, the prefrontal cortex was used for real time PCR analysis, whereas hippocampus, another brain region afflicted by depression, was used for immunohistochemistry studies. After perfusion fixation with 4% paraformaldehyde in 0.1 M phosphate-buffered saline (pH 7.4) and decapitation, brain tissues were incubated in the same fixative overnight at 4℃ and were embedded in paraffin. Five-micron-thick paraffin sections were obtained. After deparaffinization, ethanol treatment, antigen retrieval with sodium citrate buffer and incubation with 3% H~2~O~2~, sections were incubated with blocking solution and subsequently with anti-ionized calcium-binding adapter molecule-1 (Iba-1) (Abcam, Cambridge, UK) and anti-glial fibrillary acidic protein (GFAP) antibodies (Millipore, Burlington, MA, USA) at 37℃ for 1 hour. After incubation with biotinylated secondary antibody and horseradish peroxidase streptavidin (Invitrogen, Carlsbad, CA, USA), reaction was obtained by 3,3'-diaminobenzidine (Invitrogen). Mayer's hematoxylin was used for counterstaining. Five areas/per mouse from the hippocampus were evaluated for Iba-1 and GFAP immunoreactive cells under a microscope by using 40×objective.

Statistical analysis
--------------------

Results were expressed as mean±standard errors. Oneway analysis of variance (ANOVA) was used for statistical comparisons between groups. Tukey's test was used for post hoc analysis. Baseline and post-treatment body weights of each study group were compared by Student's t-test. A p value less than 0.05 was considered as a value of significance.

RESULTS
=======

The effects of ketamine treatment on behavioral parameters
----------------------------------------------------------

Body weights were increased in control, CUMS+acute ketamine and CUMS+chronic ketamine groups and there were no significant differences between the baseline vs. post-treatment values. By contrast, body weights of rats in the CUMS group was significantly reduced, as compared to their baseline values (p\<0.05) ([Table 1](#t1-pi-2019-0189){ref-type="table"}). Rats exposed to 6-week CUMS procedure developed anhedonia-like behavior as demonstrated by significantly lower sucrose preference compared to non-stressed control group (p\<0.01) in sucrose preference test. On the other hand, both acute (p\<0.01) and chronic treatment (p\<0.001) with ketamine significantly increased sucrose preference compared to CUMS group, or in other words ketamine reversed CUMS-induced anhedonia-like behaviors in our study ([Figure 1](#f1-pi-2019-0189){ref-type="fig"}). In forced swimming test, the time of immobility was significantly elevated in CUMS group compared to control group (p\<0.01). Rats with chronic, but not acute ketamine treatment, showed significantly shorter duration of immobility indicating that chronic ketamine administration was able to ameloriate CUMS-induced despair behaviors of rats ([Figure 1](#f1-pi-2019-0189){ref-type="fig"}).

The effects of ketamine treatment on gene expression levels of NLRP1 cascade and relevant neuroinflammatory components
----------------------------------------------------------------------------------------------------------------------

Expression analysis revealed that 6-week CUMS procedure caused a significant elevation in mRNA levels of inflammasome forming protein, NLRP1 (F=5.825, p\<0.05). This effect was reversed by both single dose (p\<0.01) and chronic intermittent (p\<0.05) ketamine treatment ([Figure 2](#f2-pi-2019-0189){ref-type="fig"}). In addition to NLRP1, we investigated two other molecular components, caspase-1 and ASC that together participate in inflammasome formation and thereby play a crucial role in initiating inflammasome-mediated inflammatory responses. Relative mRNA levels of caspase-1 (F=7.790, p\<0.01) and ASC (F=6.192, p\<0.05) were significantly elevated in the prefrontal cortex of CUMS-treated rats compared to controls. This increase was attenuated by both acute (p\<0.01 and p\<0.05 for caspase-1 and ASC, respectively) and chronic ketamine (p\<0.05 and p\<0.01 for caspase-1 and ASC, respectively) treatment. CUMS-induced increase in expression levels of NF-κB (F=8.728, p\<0.01) and endothelial nitric oxide synthase (eNOS) (F=8.982, p\<0.001) was also reversed by both acute (p\<0.01 and p\<0.05 for NF-κB and eNOS, respectively) and chronic ketamine (p\<0.05 and p\<0.01 for NF-κB and eNOS, respectively) treatment. CUMS procedure also elevated relative gene expression of the major pro-inflammatory cytokines IL-6 (F=4.766, p\<0.01) and IL-1β (F=4.482, p\<0.01). Both acute (p\<0.05) and chronic (p\<0.05) ketamine administration significantly reduced the mRNA levels of IL-1β. Although IL-6 expression was reduced by acute ketamine treatment (p\<0.05), no significant amelioration was observed in IL-6 levels by chronic ketamine treatment (p\>0.05) ([Figure 2](#f2-pi-2019-0189){ref-type="fig"}).

The effects of ketamine treatment on microglial and astroglial activation
-------------------------------------------------------------------------

Hippocampal Iba-1 immunoreactivity was found to be significantly increased in the CUMS group compared to the nonstressed control group (p\<0.01). On the other side, both acute (p\<0.01) and chronic intermittent (p\<0.01) treatment with ketamine decreased the number of CUMS-induced hippocampal Iba-1+cells ([Figure 3A and C](#f3-pi-2019-0189){ref-type="fig"}). Likewise, the CUMS procedure caused significantly increased GFAP expression in the hippocampus (p\<0.01), whereas acute ketamine treatment significantly decreased the number of GFAP+cells (p\<0.01). Although rats with chronic intermittent ketamine administration showed trends towards exhibiting reduced numbers of GFAP+cells, this trend did not attain statistical significance (p\>0.05) ([Figure 3B and C](#f3-pi-2019-0189){ref-type="fig"}).

The effects of ketamine treatment on inflammasome-activating receptors
----------------------------------------------------------------------

To find out the cell surface receptors by which ketamine alleviates NLRP1-mediated inflammation in the brain tissues of rats exposed to the CUMS model, expression levels of two major inflammasome-activating receptors TLR-4 and P2X7R were measured by real time PCR. The 6-week CUMS procedure caused a significant elevation in mRNA levels of TLR-4 (p\<0.05) and P2X7R (p\<0.05). CUMS-induced increase in P2X7R expression was reversed by acute (p\<0.05) and chronic (p\<0.01) ketamine treatment. Alternatively, TLR-4 expression increase was significantly decreased by acute (p\<0.05) but not chronic (p\>0.05) ketamine treatment ([Figure 4](#f4-pi-2019-0189){ref-type="fig"}).

DISCUSSION
==========

Chronic stress models of depression closely mimic etiological and clinical aspects of depression and thus are preferred in preclinical studies of MDD. CUMS is one of these chronic models and is characterized with certain aspects of depression such as anhedonia and despair-like behavior that are assessed by sucrose preference test and forced swimming test, respectively \[[@b18-pi-2019-0189],[@b19-pi-2019-0189]\]. In our study, ketamine treatment effectively attenuated sucrose preference and forced swimming test results and also prevented CUMS-induced weight loss. These results are in accordance with a few more studies showing improved parameters of depression in ketaminetreated experimental animals \[[@b20-pi-2019-0189]-[@b22-pi-2019-0189]\]. Moreover, in our study, long-term continuous administration of ketamine inhibited both anhedonia and despair-like symptoms, whereas administration of a single dose of ketamine managed to reverse anhedonia but failed to ameliorate despair-like symptoms. Thus, chronic treatment regimen appears to be more effective in treatment of CUMS.

NLRP1 is primarily expressed by neurons and oligodendrocytes and its activation cleaves caspase-1 into its active subunits thereby eliciting IL-1β and IL-18 production \[[@b23-pi-2019-0189],[@b24-pi-2019-0189]\]. Establishment of the CUMS model in rats resulted in enhanced NLRP1 expression in the prefrontal cortex, as reported previously \[[@b14-pi-2019-0189]\]. Acute and chronic ketamine administration reduced expression levels of both NLRP1 and other components of the inflammasome complex, caspase-1 and ASC. These effects occurred in parallel to amelioration of behavioral symptoms by ketamine administration thus suggesting that at least one of the mechanisms by which ketamine alleviates depressive symptoms is inhibition of the NLRP1-caspase-1-ASC complex. Since cerebral caspase-1 and ASC expressions are both enhanced in depression \[[@b25-pi-2019-0189],[@b26-pi-2019-0189]\], ketamine may serve as an effective neuroinflammation inhibiting agent in MDD patients. Our results also suggest that neurons might as well partake in neuroinflammation aspects of MDD, as proposed previously \[[@b23-pi-2019-0189]\].

NF-κB is known to play an important role in the physiopathology of depression by enhancing the transcription of proinflammatory cytokines \[[@b27-pi-2019-0189]\]. Ketamine has been found to inhibit lipopolysaccharide (LPS)-induced NF-κB activation in astrocytes, human glioma cells and mouse brain cells \[[@b28-pi-2019-0189]-[@b31-pi-2019-0189]\]. Ketamine has also been found to inhibit NF-κB activity enhanced by bacterial endotoxins in the cecal ligation and puncture model of sepsis \[[@b32-pi-2019-0189],[@b33-pi-2019-0189]\]. Our results showing ketaminmediated reduction in the NF-κB activity of the prefrontal cortex further support the findings of previous reports. Since NF-κB is involved in production of both IL-1β and IL-6 \[[@b27-pi-2019-0189]\], ketamin-mediated reduction of these two cytokines in brain tissues of rats exposed to CUMS may also be explained by reduced NF-κB expression.

IL-1β and eNOS, which are end products of the inflammasome cascade and are actively involved in physiopathology of depression, were both suppressed by acute and chronic ketamine administration \[[@b12-pi-2019-0189],[@b33-pi-2019-0189]-[@b36-pi-2019-0189]\]. IL-1β partakes in occurrence of depressive symptoms and anti-depressant medications including ketamine reduce production of IL-1β \[[@b1-pi-2019-0189],[@b37-pi-2019-0189]\]. In a single study, ketamine has also been shown to inhibit eNOS activity in human umbilical vein endothelial cells \[[@b38-pi-2019-0189]\]. Thus, our results further indicate that ketamine is effective in inhibition of both inflammasome complex and its downstream elements.

Given the significant impact of ketamine on the NLRP1 cascade, an important question was the mechanism of action by which ketamine inhibits the elements of this cascade. While ketamine is simply recognized as an NMDAR antagonist, it has diverse effects on other cell surface molecules such as those that belong to glutamatergic and GABAergic systems \[[@b39-pi-2019-0189]\]. In this context, we investigated expression levels of two prominent cell surface receptors involved in neuroinflammation mechanisms, P2X7R and TLR-4. P2X7R is a well-established inflammasome activator and, as previously shown, the selective P2X7R antagonist brilliant blue G is capable of inhibiting CUMS-induced depressive symptoms, glial activity and NLRP1 inflammasome cascade in parallel \[[@b14-pi-2019-0189]\]. We herein have shown that both acute and chronic ketamine treatments reduce prefrontal cortex P2X7R expression in CUMS model of depression and has thus emphasized this purinergic receptor as one of the potential targets of ketamine medication. Similarly, ketamine has been shown to reduce P2X7R expression in chronic restraint stress model of depression \[[@b40-pi-2019-0189]\].

TLR-4/NF-κB/IL-6 is another inflammatory pathway implicated in depression \[[@b1-pi-2019-0189],[@b11-pi-2019-0189]\]. IL-6 production is increased in MDD patients and is associated with dysphoria and anxiety \[[@b1-pi-2019-0189]\]. Ketamine has been shown to reduce expression levels of LPS- or endotoxin-induced IL-6 without altering levels of other cytokines \[[@b41-pi-2019-0189],[@b42-pi-2019-0189]\]. A similar effect was observed in prefrontal cortex samples of rats treated with a single dose of ketamine in our study. However, expression levels of neither IL-6 nor TLR-4 were significantly altered after chronic ketamine treatment. Nevertheless, this treatment regimen ameliorated CUMS-induced body weight loss and depressivelike symptoms. These results suggest that TLR-4 inhibition is not required for treatment of depressive-like symptoms. Thus, depression may putatively be treated through selective inhibition of ATP receptors without influencing TLR functions, which are crucially involved in innate immunity's actions in first defense against pathogens. This assertion needs to be further analyzed by depression model treatment studies performed with selective TLR inhibitors.

Iba-1 and GFAP molecules are well-known markers of microglial and astrocytic activation, respectively and increased hippocampal glial activation has been shown in chronic stress models of depression including CUMS \[[@b43-pi-2019-0189],[@b44-pi-2019-0189]\]. In a previous study, ketamine reversed enhanced expression levels of Iba-1, IL-1β and TNF-α and memory impairment in rats exposed to electroconvulsive shock \[[@b45-pi-2019-0189]\]. Activated glial cells produce neurotoxic mediators leading to neuronal death and cognitive dysfunction \[[@b46-pi-2019-0189]\]. Therefore, inhibition of glial activity by ketamine confers a neuroprotective role to this drug. Moreover, ketamine has been shown to inhibit LPS-induced astrocyte activation and enhanced GFAP expression by suppressing the TLR-4/NF-ĸB pathway \[[@b28-pi-2019-0189]\]. Our experiments with acute ketamine treatment supports this mode of action of ketamine since astrocytic activity, TLR-4 and IL-6 were downregulated together. By contrast, none of these parameters showed a significant attenuation in rats treated with the chronic ketamine regimen. These results underline the requirement of effective TLR-4 downregulation for inhibition of astrocytic activity.

An intriguing point is that although the half-life of ketamine is less than one hour, the clinical and molecular effects of acute and chronic ketamine administration is observed in brain samples obtained several days after final ketamine administration. This indicates that the anti-depressant effect of ketamine is much long lasting than its anesthetic effects, as also demonstrated by some previous reports \[[@b21-pi-2019-0189],[@b47-pi-2019-0189]\]. At least one of the mechanisms underlying this long lasting effect could be induction of new synapse formation \[[@b48-pi-2019-0189]\].

In conclusion, ketamine treatment was shown to ameliorate depressive-like symptoms induced by chronic stress in a wellestablished and validated animal model. Moreover, our molecular and immunohistochemical studies suggest that this treatment effect is at least partially mediated by suppression of neuroinflammation through downregulation of the NLRP1 inflammasome complex. Our results also suggest that different treatment regimens with ketamine may have diverse effects on neuroinflammatory factors and thus precise details of ketamine treatment should be carefully determined in MDD patients during clinical trials. P2X7R stands out as a major receptor in mediation of anti-neuroinflammatory effects of ketamine. Selective inhibitors of this protein might result in more effective treatment methods for MDD.
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![The effect of chronic unpredictable mild stress (CUMS) procedure and acute or chronic ketamine (K) treatment on anhedonia-like behaviors of rats in sucrose preference test (upper panel) and on despair-like behaviors of rats in forced swimming test (lower panel). Vertical bars indicate standard errors. \*\*p\<0.01 vs. control group, \#\#p\<0.01 and \#\#\#p\<0.001 vs. CUMS group.](pi-2019-0189f1){#f1-pi-2019-0189}

![The effect of chronic unpredictable mild stress (CUMS) procedure and acute or chronic ketamine (K) treatment on mRNA levels of NOD-like receptor protein (NLRP) inflammasome components and relevant neuroinflammatory mediators in the rat brain. \*p\<0.05, \*\*p \<0.01 and \*\*\*p\<0.001 vs. control group. \#p \<0.05 and \#\#p \<0.01 vs. CUMS group. ASC: apoptosis speck like protein, IL: interleukin, NF-kB: nuclear factor kappa B, eNOS: endothelial nitric oxide synthase. Vertical bars indicate standard errors.](pi-2019-0189f2){#f2-pi-2019-0189}

![The effect of chronic unpredictable mild stress (CUMS) procedure and acute or chronic ketamine (K) treatment on microglia and astrocyte activation. (A) Number of Iba-1+ microglial cells in the hippocampus. (B) Number of GFAP+ astrocytes in the hippocampus. (C) Iba-1 (a-d) and GFAP (e-h) immunostaining of hippocampus: (a, e) control, (b, f) CUMS, (c, g) CUMS+acute K treatment, and (d, h) CUMS+chronic K treatment. Arrows, Iba-1 (a-d) or GFAP (e-h) immunoreactive microglia or astrocytes, respectively. Original magnification, ×400. \*\*p \<0.01 vs. control group, \#\#p \<0.01 vs. CUMS group. Iba-1: ionized calcium-binding adapter molecule-1, GFAP: glial fibrillary acidic protein.](pi-2019-0189f3){#f3-pi-2019-0189}

![The effect of chronic unpredictable mild stress (CUMS) procedure and acute or chronic ketamine (K) treatment on mRNA levels of toll-like receptor 4 (TLR-4) and purinergic 2X7 receptor (P2X7R). Vertical bars indicate standard errors. \*p\<0.05 vs. control group, \#p \<0.05 and \#\#p \<0.01 vs. CUMS group.](pi-2019-0189f4){#f4-pi-2019-0189}

###### 

Body weight alterations (data are expressed as mean±standard error)

  Experimental groups     Day 0 measurements (g)   6th week measurements (g)
  ----------------------- ------------------------ ----------------------------------------------------------
  Control                 310.5±10.4               339.3±10.5
  CUMS                    300.6±7.4                278.1±7.5^[\*](#tfn1-pi-2019-0189){ref-type="table-fn"}^
  CUMS+acute ketamine     255.8±5.7                287.3±5.8
  CUMS+chronic ketamine   260.4±5.3                284.2±5.7

*p*\<0.05 compared with control group.

CUMS: chronic unpredictable mild stress

###### 

Primers used in real-time RT-PCR analysis

  Gene        Forward primer           Reverse primer
  ----------- ------------------------ -----------------------
  NLRP1       GTTGCAAGTCCCTTCAGCTC     CATCTCTGTTTCCGAGCACA
  ASC         GCAATGTGCTGACTGAAGGA     TGTTCCAGGTCTGTCACCAA
  Caspase 1   GCTTGAAAGACAAGCCCAAG     CCTTTCAGTGGTTGGCATCT
  NF-ĸB       GGCTGACCTGAGTCTTCTGG     GATAAGGAGTGCTGCCTTGC
  IL-6        CCGGAGAGGAGACTTCACAG     ACAGTGCATCATCGCTGTTC
  eNOS        CGAGATATCTTCAGTCCCAAGC   GTGGATTTGCTGCTCTCTAGG
  TLR4        AGCTTTGGTCAGTTGGCTCT     CAGGATGACACCATTGAAGC
  P2X7R       GTGGAGACGGTGAAGGTGTT     AACGACACCTTTGGGTCTTG
  β-actin     GCCCCCGGTTTCTATAAATTG    GTCGAACAGGAGGAGCAGAGA
